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 7KLV FDVH VWXG\ZDV EDVHG RQ WKH SURMHFW IRU
rehabilitation of sealing of facades, built in precast 
concrete, an industrial plant galvanizing of steel 
VWUXFWXUHV$QDO\VLVRIWKH%UD]LOLDQ6WDQGDUG1%5
(design of reinforced concrete) was taken as well as 
review of literature on durability to identify causes of 
pathologies and prescribe the best therapy with the most 
appropriate materials and techniques. It was noticed that 
the main agents are aggressive chlorides and epoxy is 
the most suitable material that recovery.
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 7KH UHFRYHU\ RI VWUXFWXUHV LQ UHLQIRUFHG
concrete should be performed using   the most modern 
techniques available in an appropriate manner, following 
WKH WHFKQLFDO VSHFL¿FDWLRQV LQGLFDWHG WKDWZHUHGUDZQ
from a careful evaluation. 
 Initially we shall make a detailed study of existing 
conditions clearly identify the causes of them, make a 
SUHFLVHGLDJQRVLVRISDWKRORJLHVHQFRXQWHUHGDQG¿QDOO\
set up the project for the rehabilitation of structures 










 7KLV FDVH VWXG\ ZDV SUHSDUHG EDVHG RQ WKH
project for rehabilitation of facades, built in precast 
concrete  panels,  in an Industrial Plant of galvanizing. 
7KH REMHFW RI WKLV VWXG\ ZDV WR LGHQWLI\ WKH H[LVWLQJ
conditions and causes of the pathologies and prescribe 
the best therapy  with the best materials available using 
the best techniques. 
 7KLV SDSHU GHVFULEHV WKH SDWKRORJLFDO
manifestations observed in an industrial plant  of 
galvanizing , built in 1999, using precast  concrete 
panels and the methodology used for the recovery and 
UHKDELOLWDWLRQRIVWUXFWXUHV7KHIHQFHSDQHOVZLWKGRXEOH
³7´ JHRPHWU\  KDYH WKH IROORZLQJ GLPHQVLRQV  KHLJKW
14 meters width 2.5 meters. Various pathologies were 
observed in  the concrete panels and a photographic 
record of   them  was made for more detailed study. 
Initially ,fronts of carbonation, attack by chloride ions, 
reinforcement corrosion, spalling  and leaching of 
FRQFUHWHDQGVHYHUDOFUDFNVZHUHLGHQWL¿HG
Fig. 1 Pathologies presented by fence panels .
 Source: Setaviso Engineering [2013]
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 :DVWHIURPWKHHOHFWURO\WLFEDWKWDQNV
after several weeks or months of use 
3. . Splashes from parts removed or 
transferred from their electrolytic tanks and 
leaks from tanks and pipes.
 7KHZDVWHXVXDOO\FRQVLVWVRIVROXWLRQV




IDENFICATION OF THE PATHOGIES  
 $OWKRXJKWKH&RPSDQ\KDVPRGHUQDQGHI¿FLHQW
system for collection and treatment of gases and waste , 
from its manufacturing process is inevitable that many of 
the agents mentioned above are capable of acting and 
damage the concrete structures of the fence panels. 
 7KLV DFWLRQ RI SDWKRJHQV SOXV WKH DJH RI WKH
building ,15 years, caused a several damage to concrete 
structures. It is noteworthy that the facade in question is 
oriented from east to west, so getting heat stroke during 
the entire period of the day, the damage becomes worse 
because at night the structure receives  vapors from 
the fumes of hydrochloric acid and condensed on the 
surface. During day there  was drying and evaporation, 
in a continuous process of wetting and drying. Due to 
the industrial atmosphere there  was also acting on the 
VWUXFWXUHV D FDUERQDWLRQ IURQWV 7KH FRQVHTXHQFHV RI
FDUERQDWLRQ UHÀHFW RQ WKH FRUURVLRQ SURFHVV  DOORZLQJ
the penetration of chloride ions,   part of the chloride 
LRQVDUHIUHHWRDFW>$1'5$'(@GXHWRWKHKLJKHU
solubility of the Friedel salt caused by reduction of pH 
>.8/$.2:6., @ 7KXV WKH FULWLFDO DUPDWXUH
passive layer disruption limit is achieved by the free 
chloride ions in the concrete, even with a lower total of 
chlorides contents. 
 0217(5,2 DQG 1(3208&(12  DGG
WKDWWKHHI¿FLHQF\RIWKHDGGLWLRQVXVHGLQFHPHQWDVD
factor in the reduction of chloride ions is reduced when 
WKH FRQFUHWH LV FDUERQDWHG $FFRUGLQJ WR >%$..(5




7KH JDOYDQL]LQJ SURFHVV FRQVLVWV RI FOHDQLQJ RI VWHHO
parts with subsequent immersion in bath of  melted 
]LQF 7KLVSURFHVV LV D YHUVDWLOH DQGHFRQRPLFDOZD\
to protect structures, steel parts and equipment against 
FRUURVLRQ7KLVSURFHVVFRPSULVHVVHYHQVWHSVEDWKV
LPSRUWDQW IRU WKH FOHDQLQJ DQG VRDNLQJ RI SDUWV 7KH
process of cleaning and  galvanization  generates 
various pathogenic agents  that can cause severe 
GDPDJH WR FRQFUHWH VWUXFWXUHV 7KH IROORZLQJ DJHQWV
ZHUHLGHQWL¿HG









Zinc electrolytes may be acidic or alkaline, 




 $V D JHQHUDO UXOH WKH PDLQ FRQWULEXWRUV WR D
JDOYDQL]DWLRQ¶V ¿QDO HIÀXHQW DUH WKH IROORZLQJ>6RXUFH
&(7(6%@
 7KH VSLOOZD\V RI WKH PHWDO VXUIDFH¶V
preparation and cleaning tanks   (degreasing 
and pickling), where organic solvents are used 
to remove oils and greases, as well as acid and 
alkaline baths,  for removal of slag, rust etc;
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 $FFRUGLQJ WR >+(/(1( @ WKH IRXU EDVLF
mechanisms are governed by three main parameters, 
as well as the mechanical properties of concrete, which 
DUHWKHUDWLR:&KHDOLQJDQGWKHGHJUHHRIK\GUDWLRQ
UHVSRQVLEOHIRUWKHTXDOLW\RIWKHFRQFUHWH
 Mechanisms can occur simultaneously both in 
real situations and in testing procedures. [NEPOMUCENO 
2005] presents some of these combinations:
&DSLOODU\$EVRUSWLRQFRQYHFWLRQDQGGLIIXVLRQ
the initial period depending on the moisture 
FRQWHQWWKHLQÀRZRILRQVZLOORFFXUE\FDSLOODULW\
and then through diffusion; 
'LIIXVLRQDQGPLJUDWLRQPD\RFFXULQPLJUDWLRQ
tests, where an electrical potential is applied to 
GHWHUPLQHWKHGLIIXVLRQFRHI¿FLHQWRIFKORULGHV
3HUPHDELOLW\ DQG FRQYHFWLRQ RFFXU ZKHQ
DJHQWVDUHFRQWDLQHGLQWKHÀXLGWKDWSHQHWUDWHV
the structure.
 Corrosion of reinforcement in concrete has two 
important effects on the concrete and produces spalling 
GHFUHDVHVWKHVHFWLRQRIWKHUHEDUV>&$129$6@
7KHVH WZRSUREOHPVKDYHEHHQ LGHQWL¿HG LQDOPRVWDOO
the panels, with the corrosion of the diameter of the 
rebars there was an increase in volume of up to 6 times 
. Internal stress in the section  was generated , so that 
there is a loss of adhesion between the concrete and the 
reinforcement  occurring “spalling” of concrete.
 $FFRUGLQJWR>7+20$6@WKH¿VVXUHVDQG
cracks are the most important anomalies due to three 
aspects: the acknowledgment of a serious problem in the 
concrete structure, compromising the performance of the 
structure in service and psychological embarrassment 
WKDW FUDFN KDV RQ LWV XVHUV  7KH SDWKRJHQV ZHUH
LGHQWL¿HG DIWHU FDUHIXO LQVSHFWLRQ WKH H[SHULHQFH DOVR
contributed to the diagnosis, allowing location correct 
LGHQWL¿FDWLRQRISDWKRJHQVDQGWKHHIIHFWVRIHDFKRIWKH
structures. 
 During the inspection  were found  a high 
concentration of reinforcement on the panels section. 
7KHFRYHULQJ WKLFNQHVV ZDVEHORZ WKH1%5DQG
1%5VSHFL¿FDWLRQV,WZDVIRXQGPDQ\VLWXDWLRQV
mentioned  by  FIGUEIREDO 2005], the combination 
carbonation and chloride is the most commonly cause 
severe corrosion problems.
Fig.2 Hydrochloric acid tanks for pickling 
Source: Setaviso Engineering [2013]
 One of the mechanisms of penetration of 
pathogens chloride ions in the concrete are through the 
FRQFUHWHSRUHVPLFURVWUXFWXUH7KHGULYLQJIRUFHVRIWKH
transport of these substances in the concrete can be 
the difference in concentration, pressure, temperature, 
density, electric potential and capillary suction 
[NEPOMUCENO, 2005]. 
 7KHUH DUH IRXU EDVLF PHFKDQLVPV RI
WUDQVSRUWDWLRQ RI DJJUHVVLYH ÀXLGV DQG LRQV LQWR WKH
concrete permeability, capillary suction, diffusion and 
migration, which may act simultaneously or successively 
over time according to the exposure conditions that the 
FRQFUHWHLVVXEMHFWHG>&$/d$'$@
 7KHSHQHWUDWLRQRIFKORULGHLRQLVSRVVLEOHRQO\
when there is water in the pores of the concrete. If the 
water is stagnant, the displacement of chloride ions 
WDNHVSODFHE\GLIIXVLRQ:KHQWKHFRQFUHWHXQGHUJRHV
cycles of wetting and drying, the penetration of these 
ions becomes by capillary force of water that are 
SUHVHQW>*8,0$5­(6@7KHSHQHWUDWLRQGHSWKRI
the ions depends on the duration of periods of wetting 
and drying, as well as the permeability of the concrete 
VXUIDFH>%$..(5DQG),*8(,5('2@
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'  )RU FRQFUHWH LQ KLJKO\ DJJUHVVLYH HQYLURQPHQW
covering of 3.5 cm, as follows: 
³ )RU PRUH WKDQ  FP FRYHULQJ VKRXOG SXW DQ
reinforcement skin supplement,  whose coverings must 
QRWEHOHVVWKDQWKHOLPLWVVSHFL¿HGLQWKLVSDUDJUDSK´
7KXVWKHORZFRYHULQJZDVDOVRDPDMRUIDFWRUWRDOORZ
chloride ions penetration  and accelerate the corrosion 
of reinforcement. “
THERAPY PROPOSAL 
 For the rehabilitation of structures of fence panels was 
proposed the following solution:
:DVK DOO WKH VWUXFWXUHV ZLWK SUHVVXUL]HG KRW
water 4,000 PSI (281kgf / cm²);
'HPROLWLRQ RI DOO SRLQWV ZKHUH WKH FRQFUHWH
showed signs of deterioration;
:DVKLQJ RI VWUXFWXUHV ZLWK DONDOLQHEDVHG
anionic surfactants, alkalis, solvents and 
HPXOVL¿HUVFRQFHQWUDWHGGHWHUJHQW3+
:DVK ZLWKPLOG ELRGHJUDGDEOH GHWHUJHQW DQG
hot pressurized water 4,000 PSI;
7UHDWPHQW RI DUPRU XVLQJ QHHGOH JXQ ZLUH
brushes to remove all corrosion points;
5HSODFHPHQWRIDUPRUWKDWKDGORVVRIJUHDWHU
WKDQQRPLQDOVHFWLRQ
7UHDWPHQW RI DUPRU ZLWK ]LQF ULFK HSR[\ WZR
component polyamide cured to provide cathodic 
protection to the carbon steel; 
$SSOLFDWLRQ RI DGKHUHQFH WR VWUXFWXUDO





is already attacked by hydrochloric acid vapors.
Source: Setaviso Engineering [2013]





“ 9.2.1.1 Coverings 
 
³,Q WKH HOHPHQWV RI SUHFDVW FRQFUHWH DV GH¿QHG LQ
Chapter 3, with not less than 25 MPa and minimum 
consumption of 400 kg of cement per cubic meter and 
:& IDFWRU OHVV WKDQ RU HTXDO WR   FKDUDFWHULVWLF
strength fck, any reinforcement, including distribution, 
connection  , must not have covering  less than : 
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)LJ)LUVWVWHSRIFOHDQLQJ
washing with hot water 
Source: Setaviso Engineering [2013]
)LJ6HFRQGVWHSRIFOHDQLQJZDVKLQJZLWK
pressurized water and alkaline detergent pH14. 
Source: Setaviso Engineering [2013]
5HVWRUDWLRQ RI GDPDJHG DQG GHPROLVKHG
structural grout areas; 
 $SSOLFDWLRQ RI 6WUXFWXUDO 3RO\PHU PRUWDU IRU
repairs to concrete structures with thickness 
FP FP GHHS DSSOLFDWLRQ V\VWHP ³GU\
pack”; 
$SSOLFDWLRQRIFHPHQWLWLRXVPRUWDUIRUVWUXFWXUDO
repairs to concrete structures with thickness 
FPWRFPGHSWKDSSOLFDWLRQV\VWHP³GU\
pack”; 
$SSOLFDWLRQ RI *URXW IRU ODUJHU UHSDLUV
DSSOLFDWLRQV\VWHP³GU\SDFN´
$SSOLFDWLRQ RI WKH VHDOLQJ HSR[\ YDUQLVK
polyamide cured with appropriate viscosity to 
allow good penetration into concrete surfaces, 
plaster, masonry, cement asbestos seals these 
surfaces prevents excessive absorption with a 
GU\¿OPWKLFNQHVVRIȝ
$SSOLFDWLRQ RI WZR LQWHUPHGLDWH FRDWV ZLWK
EL FXUHG HSR[\ SRO\DPLGH FRPSRQHQW KLJK
build, fast drying, developed to protect carbon 
steel and concrete in industrial exposures 
HQYLURQPHQWDSSOLHGGU\¿OPWKLFNQHVVRIȝ
$SSO\ D ¿QLVK FRDW RI DFU\OLF DOLSKDWLF
polyurethane high build, bi component with a 
low content of volatile organic compounds (Low 
VOC). Paints in acrylic aliphatic polyurethane 
has excellent weathering resistance, excellent 
ÀH[LELOLW\ DQG WRXJKQHVV WR ZLWKVWDQG WKH
KDUVKHVW ZRUNLQJ FRQGLWLRQV ZLWK GU\ ¿OP
WKLFNQHVVRIȝ
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)LJ$SSOLFDWLRQRIHSR[\ULFK]LQFIRUUHLQIRUFHPHQW
protection.
Source: Setaviso Engineering [2013]
)LJ$SSOLFDWLRQRIVWUXFWXUDOFHPHQWLWLRXVPRUWDUIRU
repairs up to 7cm deeper. 
Source: Setaviso Engineering [2013]
)LJ5HLQIRUFHPHQWFOHDQLQJXVLQJQHHGOHJXQ
Source: Setaviso Engineering [2013]
)LJ5HLQIRUFHPHQWFOHDQLQJXVLQJ
steel rotating brush.
Source: Setaviso Engineering [2013]
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CONCLUSION 
 7KH UHFRYHU\ DQG UHKDELOLWDWLRQ RI UHLQIRUFHG
concrete structures is extremely expensive due to the 
QHHG IRUVSHFL¿F WUHDWPHQWPDWHULDOVVNLOOHG ODERUSOXV
WKHFRVWRISDUWLDORUWRWDOLQWHUGLFWLRQRIVWUXFWXUHV7KH
LGHQWL¿FDWLRQRIVHUYLFHVFRQGLWLRQV WKDW WKHUHLQIRUFHG
concrete structures are subjected is a essential factor 
IRU LW WR KDYH D ORQJ DQG KHDOWK\ OLIH 7KH FRQVWDQW
maintenance and conservation allow the structures to 
remain in service for long periods. 
 In our case study we found that the extreme 
condition in what the structures were subjected (fronts 
combination of carbonation and chloride attack) and the 
low thickness of coverings was essential for degradation 
of them. 
 $IWHU WKH VWUXFWXUDO UHFRYHU\ DQG UHKDELOLWDWLRQ
of structures, it was  prescribe a protection system with 
WKHFRPELQDWLRQRIHSR[\DQGSRO\XUHWKDQHSDLQWV7KH
system has an estimated useful life of 15 years and may 
KDYHLWVOLIHH[WHQGHGZLWKVSHFL¿FSHULRGLFPDLQWHQDQFH
without the need for major interventions.
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